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(54) Coffee extraction process and product 

(57) A process for the counter-current extraction of 
soluble coffee solids. Soluble coffee solids are extracted 
from roast and ground coffee in a first extraction stage 
using a primary extraction liquid at a temperature of 
80°C to 160°C. Then soluble coffee solids are extracted 
from the partially extracted grounds in a second extrac- 
tion stage using a secondary extraction liquid at a tem- 
perature of 160°C to 190°C, the coffee grounds having 
at least 25% by weight of soluble coffee solids extracted 
from them. The coffee grounds obtained from the sec- 
ond extraction stage are drained and thermally hydro- 
lysed in a hydrolysis stage at a temperature of 160°C to 
220°C for 1 to 15 minutes. Soluble coffee solids are 



extracted from the hydrolysed coffee grounds in a third 
extraction stage using a tertiary extraction liquid at a 
temperature of 1 70°C to 1 95°C to provide extracted cof- 
fee grounds and a hydrolysed coffee extract. 

A soluble coffee product is obtained containing at 
least 30% saccharides, comprising less than 1 % furfural 
derivatives, less than 4% monosaccharides, less than 
10% oligosaccharides and at least 19% polysaccha- 
rides, the saccharides having a weighted average 
molecular weight of greater than 2000 units with a poly- 
dispersity above 3. 
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Description 

Field of the Invention 

This invention relates to a process for the produc- 
tion of a soluble coffee product which contains hydro- 
lysed coffee solids. The invention also relates to a 
soluble coffee product which contains hydrolysed coffee 
solids. 

Background tQ the Invention 

For most consumers, the ideal coffee beverage is 
prepared by brewing roasted and freshly ground coffee 
beans with hot water; usually at a temperature of 90°C 
to 100°C. However, since these conditions produce 
yields of soluble coffee solids of less than 25%, it is not 
commercially viable to produce soluble coffee products 
under these conditions. Therefore most recent techno- 
logical developments made in the soluble coffee field 
concern attempts to simulate this ideal coffee beverage 
while obtaining a viable yield. 

Early attempts to raise the yield of soluble coffee 
solids centred on increasing the temperature and pres- 
sure of the extraction liquid used to extract the coffee 
solids from the roast and ground coffee. However it was 
soon found that, to reach acceptable yields, the temper- 
atures and pressures needed to be sufficiently high 
such that extensive hydrolysis occurred in the extraction 
system. This is undesirable since it results in the pro- 
duction of tars, which cause fouling, and off-flavours. 

Attention then turned to subjecting roast and 
ground coffee to extraction under relatively mild condi- 
tions and, separately, subjecting the partially extracted 
grounds to hydrolysis to increase the yields. In this way, 
the problem of off-flavours could be reduced to accept- 
able levels. For example, US patent 4,158,067 (Wouda) 
discloses a process in which roast and ground coffee is 
subjected to counter-current extraction in two stages 
with a separate hydrolysis stage between the two 
extraction stages. Hot water at 60"C to 120°C is intro- 
duced into the second extraction stage while fresh roast 
and coffee is introduced into the first extraction stage. 
The extraction liquid leaving the second extraction 
stage is introduced into the first extraction stage to 
extract the fresh roast and ground coffee. The partially 
extracted coffee grounds leaving the first extraction 
stage are subjected to thermal hydrolysis at a tempera- 
ture of 140°C to 200°C in a separate hydrolysis stage 
before being introduced into the second extraction 
stage. In this way, hydrolysed coffee solids which are 
extracted in the second extraction stage do not pass 
through the hydrolysis stage and do not undergo any 
further extreme conditions. The production off-flavours 
and tars which otherwise might have resulted, are 
reduced. 

A further development of this concept is disclosed 
in European patent 0363529 (Kraft General Foods). In 



the process described in this patent, the partially 
extracted coffee grounds obtained from a first extraction 
stage are slurried and then subjected to hydrolysis at a 
temperature of 200°C to 260°C. The hydrolysis is car- 

5 ried out for 1 to 15 minutes in order to remove at least 
50% of any mannans and to produce a hydrolysate con- 
taining less than 50% monosaccharides and less than 
10% of polysaccharides which contain more than 6 sac- 
charides in the polysaccharide chain. The hydrolysate is 

w then added to the coffee extracts obtained from extrac- 
tion stages. 

Although this process is described to provide good 
yields, reasonably large amounts of saccharides of 
shorter chains and lower molecular weights are pro- 

15 duced. This significantly alters the taste and mouthfeel 
of beverages produced from the resulting soluble coffee 
products. Certainly, the flavour profile no longer 
matches that of brewed coffee. Also, the increased 
amount of saccharides of smaller chains causes the 

20 extract obtained from this process to behave differently, 
when compared to standard extracts, during concentra- 
tion and drying. In particular, the extract has a lower 
freezing point which makes freeze-drying more difficult 
while stickiness becomes a problem during spray-dry- 

25 ing. Further, the stability during storage of coffee pow- 
ders produced from the extract is reduced due to 
enhanced hygroscopicity and lower glass transition 
temperatures. The extent of the problem is of course 
dependant on the severity of the hydrolysis treatment. 

30 Therefore there is still a need for a process for 
extracting soluble coffee solids which has good yields 
and which provides a soluble coffee product having sac- 
charides of higher molecular weight. There is also a 
need for a soluble coffee product which contains hydro- 

35 lysed coffee solids and saccharides of higher molecular 
weight. 

Summary of the Invention 

40 Accordingly, in one aspect, this invention provides a 
process for the counter-current extraction of soluble cof- 
fee solids from coffee grounds, the process comprising: 

extracting soluble coffee solids from fresh coffee 
45 grounds in a first extraction stage using a primary 
extraction liquid at a temperature of about 80°C to 
160°C to provide a primary coffee extract and par- 
tially extracted grounds; 

extracting soluble coffee solids from the partially 
so extracted grounds in a second extraction stage 
using a secondary extraction liquid at a tempera- 
ture of about 160"C to about 190°C to provide a 
secondary coffee extract and coffee grounds, the 
coffee grounds having at least about 25% by weight 
55 of soluble coffee solids extracted from them based 
on the weight of dry roast and ground coffee, the 
secondary coffee extract being collected or being 
used as the primary extraction liquid; 
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draining the coffee grounds obtained from the sec- 
ond extraction stage and thermally hydrolysing 
them in a hydrolysis stage at a temperature of 
about 1 60°C to about 220°C for about 1 to about 1 5 
minutes to provide hydrolysed coffee grounds; and 5 
extracting soluble coffee solids from the hydrolysed 
coffee grounds in a third extraction stage using a 
tertiary extraction liquid at a temperature of about 
170°C to about 195°C to provide extracted coffee 
grounds and a hydrolysed coffee extract, the hydro- 10 
lysed coffee extract being collected or being used 
as the primary or secondary extraction liquid. 

Surprisingly, given that hydrolysis takes place, a 
soluble coffee product may be produced which has a is 
good aroma and flavour profile and which contains a 
distribution of polysaccharides which more closely 
resembles that produced by processes in which little or 
no hydrolysis takes place. Further, good yields in the 
range of about 45 to about 70% may be obtained. It is 20 
also found that little or no sediments or tars are pro- 
duced. Further, the coffee extract obtained from the 
process may be freeze-dried or spray-dried without the 
problems associated with hydrolysed extracts. Moreo- 
ver, coffee powders obtained from the coffee extract zs 
have good storage stability. 

Preferably, the primary extraction liquid enters the 
first extraction stage at a temperature in the range of 
about 1 10°C to about 140°C. The secondary extraction 
liquid preferably enters the second extraction stage at a 30 
temperature in the range of about 165'C to about 
180°C. The tertiary extraction liquid preferably enters 
the third extraction stage at a temperature in the range 
of about 175'C to about 190°C. 

In the hydrolysis stage, the coffee grounds are pref- 35 
erably thermally hydrolysed at a temperature of about 
190°C to about 210°C. Further, the coffee grounds are 
preferably thermally hydrolysed by heating the coffee 
grounds using steam. The coffee grounds are preferably 
drained by forcing steam downwardly through them. 40 

Preferably, the hydrolysed coffee extract contains 
less than about 1% by weight furfural derivatives, 
between about 1% and about 6% by weight monosac- 
charides and more than about 28% by weight of oli- 
gosaccharides and polysaccharides; all percentages 45 
being based upon the dry matter of the hydrolysed cof- 
fee extract. Further, the weighted average molecular 
weight of all saccharides in the hydrolysed coffee 
extract is preferably higher than about 1500 units with a 
polydispersity of about 2.5 or higher. so 

The process may further comprise: 

draining the coffee grounds obtained from the third 
extraction stage and thermally hydrolysing them in 
a second hydrolysis stage at a temperature of 55 
about 1 60°C to about 220°C for about 1 to about 1 5 
minutes to provide secondary hydrolysed coffee 
grounds; and 



extracting soluble coffee solids from the secondary 
hydrolysed coffee grounds in a fourth extraction 
stage using a fourth extraction liquid at a tempera- 
ture of about 170°C to about 195°C to provide 
extracted coffee grounds and a hydrolysed coffee 
extract, the hydrolysed coffee extract being col- 
lected or being used as the primary, secondary, or 
tertiary extraction liquid. 

In another aspect, this invention provides a soluble 
coffee product which contains hydrolysed soluble coffee 
solids, the soluble coffee product containing at least 
about 30% by weight of saccharides comprising less 
than about 1% by weight of furfural derivatives, less 
than about 4% by weight of monosaccharides, less than 
about 12% by weight of oligosaccharides, and at least 
about 18% by weight of polysaccharides, the total sac- 
charides having a weighted average molecular weight 
of greater than about 2000 units with a polydispersity of 
about 3 or higher. 

Preferably, the soluble coffee product contains 
more than about 31% by weight of saccharides. The 
saccharides preferably comprise less than about 0.6% 
by weight furfural derivatives, about 1 to about 4% by 
weight monosaccharides, about 2 to about 8% by 
weight of oligosaccharides, and more than about 23% 
by weight polysaccharides. Further, the saccharides 
preferably have a weighted average molecular weight of 
greater than about 2200 units with a polydispersity of 
about 3.5 or higher. 

Brief Description of the Drawings 

Embodiments of the invention are now described, 
by way of example only, with reference to the drawings 
in which: 

Figure 1 is a schematic flow diagram of an extrac- 
tion and hydrolysis process having a single input for 
extraction liquid; 

Figure 2 is a schematic flow diagram of an extrac- 
tion and hydrolysis process having two inputs for 
extraction liquid; 

Figure 3 is a schematic flow diagram of another 
extraction and hydrolysis process having two inputs 
for extraction liquid; 

Figure 4 is a schematic flow diagram of an extrac- 
tion and hydrolysis process having three inputs for 
extraction liquid; and 

Figure 5 is a graph of the molecular weight distribu- 
tion of saccharides against total weight of carbohy- 
drate for soluble coffee products produced by 
conventional extraction processes and the process 
of example 1. 

Detailed Description of the Invention 

In this specification, the following terms have the 
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following meanings: 

"monosaccharide" means a carbohydrate which 
cannot be hydrolysed to a simpler carbohydrate, 
"oligosaccharide" means a polymerised saccharide 
having 2 to 6 monosaccharide units in the chain, 
"polysaccharide" means a polymerised saccharide 
having more than 6 monosaccharide units in the 
chain. 

"weighted molecular weight" is the mean in weight 
of the individual molecular weights of carbohydrate 
molecules separated by size exclusion chromatog- 
raphy. 

"polydispersity" means the dispersion of the molec- 
ular weight distribution of carbohydrate molecules 
and corresponds to the ratio of the average molec- 
ular weight in weight to the average molecular 
weight in number of carbohydrate molecules sepa- 
rated by size exclusion chromatography. 

To produce the soluble coffee product, roast and 
ground coffee is subjected to at least a four stage, coun- 
ter-current extraction and hydrolysis process. In a first 
extraction stage, fresh roast and ground coffee is 
extracted under relatively mild conditions in which little 
or no hydrolysis of the coffee solids takes place. There- 
fore, in this stage, the temperature of the extraction liq- 
uid is in the range of about 80°C to about 160°C. 

The partially extracted grounds obtained from the 
first extraction stage are then subjected to extraction in 
a second extraction stage. In this stage, the tempera- 
ture of the extraction liquid is in the range of about 
160°C to about 190°C so that moderate hydrolysis of 
the coffee solids may take place. 

The partially extracted grounds obtained from the 
second extraction stage must have at least about 25% 
by weight of coffee solids, on the basis of dry roast and 
ground coffee, to be extracted from them. If less than 
about 25% by weight of coffee solids have been 
extracted, it is found that the soluble coffee product ulti- 
mately produced is sensitive to humidity and tempera- 
ture. It is believed that this is caused by over-hydrolysis 
of heat sensitive substances. If more than about 25% by 
weight of coffee solids have been removed, most or all 
heat sensitive substances are removed. 

The partially extracted grounds are first drained to 
remove a majority of extraction liquid from them to avoid 
hydrolysis of the soluble coffee solid the liquid contains. 
The drained grounds are then subjected to hydrolysis in 
a separate hydrolysis stage. In this stage, the partially 
extracted grounds are heated to a temperature of from 
about 1 60°C to about 220°C for a time of about 1 minute 
to about 15 minutes. 

The hydrolysed coffee grounds obtained from the 
hydrolysis stage are then subjected to extraction in a 
third extraction stage. In this stage, the temperature of 
the extraction liquid is in the range of about 170°C to 
about 190°C so that moderate hydrolysis of the coffee 



solids may take place. 

The conditions in the hydrolysis stage and the third 
extraction stage are selected so that the soluble coffee 
solids in the tertiary extraction liquid leaving the third 

5 extraction stage contain less than about 1% by weight 
furfural derivatives, between about 1% and about 6% by 
weight monosaccharides and more than about 30% by 
weight of oligo- and poly-saccharides. All percentages 
being based upon the dry matter of the hydrolysed cof- 

10 fee extract. Further, the weighted average molecular 
weight of all saccharides in the extract is higher than 
about 1500 units with a polydispersity of about 2.5 or 
higher. 

If desired, the coffee extract leaving the second 
is and/or the third extraction stage may be subjected to 
flashing to remove off-flavours. Further, if desired, more 
than one flashing stage may be incorporated into the 
process; such as described in US patent 5,183,676 
(Schlecht); the disclosure of which is incorporated by 
20 reference. 

It is also possible to use one or more inputs of hot 
extraction liquid into the system. If a single input is used, 
the extraction liquid flows through all of the extraction 
stages and leaves the first extraction stage as the pri- 
25 mary coffee extract. If more than one input is used, 
more than one coffee extract leaves the system. For 
example, each extraction stage may have its own input 
of fresh extraction liquid and its own output of coffee 
extract. 

30 The extraction stages each may be made up of one 
or more extraction vessels which may be any suitable 
extraction vessels; for example fixed bed reactors or 
continuous counter-current extractors. The choice and 
design of the vessels is a matter of preference and has 

35 no critical impact on the process. Further, if fixed bed 
reactors are used, the extraction liquid may be caused 
to flow upward through the reactor or downward through 
the reactor, as desired. The hydrolysis stage also may 
be made up of one or more reaction vessels. The 

40 hydrolysis reaction vessel may be a fixed bed reactor, 
an autoclave, a plug flow reactor, an extruder, or the like. 
Again the design of the hydrolysis reaction vessel is a 
matter of choice and has no critical impact on the proc- 
ess. However, the extraction reaction vessels and the 

45 hydrolysis reaction vessels are conveniently fixed bed 
reactors and are identical. This has the advantage that 
the coffee grounds may remain in the same reaction 
vessel throughout the process. 

The extracts obtained from the process may be 

so processed as desired into soluble coffee powder. Usu- 
ally, the extracts are stripped using steam to remove 
aroma volatiles, concentrated, and then spray- or 
freeze-dried. These procedures are well known, are 
well described in the literature, and have no critical 

55 impact on the invention. Aroma may also be recovered 
from the roast and ground coffee prior to any extraction 
by any well known procedure like gas stripping, steam- 
ing and the like. 
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Further, the process may include one or more addi- 
tional hydrolysis and extraction stages to further extract 
soluble coffee solids from the extract coffee grounds 
leaving the third extraction stage. These additional 
hydrolysis and extraction stages may conveniently oper- 
ate at the same conditions as the hydrolysis stage and 
the third extraction stage. 

In a first specific embodiment illustrated in Figure 1 , 
fresh roast and ground coffee 4 is introduced into a first 
extraction stage 2. A secondary coffee extract 24, leav- 
ing a second extraction stage 8, is introduced into the 
first extraction stage 2 to extract soluble coffee solids 
from the roast and ground coffee in the first extraction 
stage 2. The introduced coffee extract, including soluble 
coffee solids extracted in the first extraction stage 2, 
leaves as an output coffee extract 22. The output coffee 
extract 22 is then subjected to further processing to con- 
vert it into a concentrated coffee extract. The tempera- 
ture of the secondary coffee extract 24 is conveniently in 
the range of 80°C to 160°C such that substantially no 
hydrolysis of coffee solids takes place in the first extrac- 
tion stage 2. 

The partially extracted coffee grounds 6 leaving the 
first extraction stage 4 are transferred to a second 
extraction stage 8. A tertiary coffee extract 26, leaving a 
third extraction stage 18, is introduced into the second 
extraction stage 8 to extract soluble coffee solids from 
the partially extracted roast and ground coffee in the 
second extraction stage 2. The introduced coffee 
extract, including soluble coffee solids extracted in the 
second extraction stage 8, leaves as the secondary cof- 
fee extract 24. The temperature of the tertiary coffee 
extract 26 is conveniently in the range of about 160'C to 
about 190°C such that moderate hydrolysis of coffee 
solids takes place in the second extraction stage 8. 

The partially extracted coffee grounds 10 leaving 
the second extraction stage 8 are transferred to a sepa- 
rate hydrolysis stage 12. At this stage, at least 25% by 
weight, based on dry roast and ground coffee, of soluble 
coffee solids are removed from the roast and ground 
coffee. In the hydrolysis stage 12, the partially extracted 
coffee grounds are drained and then heated to a tem- 
perature of from about 160°C to about 220"C. This may 
be accomplished in many ways. Conveniently however, 
the partially extracted coffee grounds are drained by 
forcing steam through them and are heated by injecting 
steam at a temperature of 160°C to 220'C directly into 
the reaction vessel which contains the partially 
extracted coffee grounds. If heated in this way, the heat- 
ing is extremely rapid. However any suitable heating 
method may be used: 

The hydrolysed coffee grounds 14 leaving the 
hydrolysis stage 12 are transferred to the third extrac- 
tion stage 18. Hot water 28, at a temperature of about 
170°C to about 195°C, is introduced into the third 
extraction stage 1 8 to extract any remaining soluble cof- 
fee solids from the hydrolysed coffee grounds. The tem- 
perature of the hot water is such that moderate 



hydrolysis of coffee solids takes place in the third extrac- 
tion stage 18. The extracted coffee grounds 20 leaving 
the third extraction stage advantageously have about 50 
to about 70% by weight, based on dry roast and ground 

5 coffee, of soluble coffee solids extracted from them. 

Another embodiment is illustrated in Figure 2. In 
Figure 2, the same reference numerals as used in Fig- 
ure 1 , are used for the same items. In this embodiment, 
fresh roast and ground coffee 4 is introduced into a first 

10 extraction stage 2. Hot water 30, at a temperature of 
about 80°C to about 160°C is introduced into the first 
extraction stage 2 to extract soluble coffee solids from 
the roast and ground coffee in the first extraction stage 
2. The temperature of the hot water 30 is such that sub- 

75 stantially no hydrolysis of coffee solids takes place in 
the first extraction stage 2. The coffee extract produced 
in the first extraction stage 2 leaves as an output coffee 
extract 22. 

The partially extracted coffee grounds 6 leaving the 

20 first extraction stage 4 are transferred to a second 
extraction stage 8. A tertiary coffee extract 26, leaving a 
third extraction stage 18, is introduced into the second 
extraction stage 8 to extract soluble coffee solids from 
the partially extracted roast and ground coffee in the 

25 second extraction stage 2. The introduced coffee 
extract, including soluble coffee solids extracted in the 
second extraction stage 8, leaves as a secondary coffee 
extract 32. The temperature of the tertiary coffee extract 
is conveniently in the range of about 160°C to about 

30 190'C such that moderate hydrolysis of coffee solids 
takes place in the second extraction stage 8. 

The secondary coffee extract 32 and the output cof- 
fee extract 22 may be separately processed as 
described in US patent 5,242,700 (Schlecht), the disclo- 

35 sure of which is incorporated by reference. Alternatively, 
the secondary coffee extract 32 may be combined with 
the output coffee extract 22 and then subjected to fur- 
ther processing to convert it into a concentrated coffee 
extract. The partially extracted coffee grounds 10 leav- 

40 ing the second extraction stage 8 are transferred to a 
separate hydrolysis stage 12 and processed as 
described above with reference to figure 1. Thereafter, 
the hydrolysed coffee grounds 14 leaving the hydrolysis 
stage 12 are transferred to the third extraction stage 18 

45 and processed as described above with reference to fig- 
ure 1 . The extracted coffee grounds 20 leaving the third 
extraction stage have about 45% to about 70% by 
weight, based on dry roast and ground coffee, of soluble 
coffee solids extracted from them. 

so A further embodiment is illustrated in Figure 3. In 
Figure 3, the same reference numerals as used in Fig- 
ure 1 , are used for the same items. In this embodiment, 
fresh roast and ground coffee 4 is introduced into a first 
extraction stage 2. A secondary coffee extract 24, leav- 

ss ing a second extraction stage 8, is introduced into the 
first extraction stage 2 to extract soluble coffee solids 
from the roast and ground coffee in the first extraction 
stage 2. The introduced coffee extract, including soluble 
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coffee solids extracted in the first extraction stage 2, 
leaves as an output coffee extract 22. Hie temperature 
of the secondary coffee extract 24 is conveniently in the 
range of 80° C to 160°C such that substantially no 
hydrolysis of coffee solids takes place in the first extrac- 
tion stage 2. 

The partially extracted coffee grounds 6 leaving the 
first extraction stage 4 are transferred to a second 
extraction stage 8. Hot water 34 is introduced into the 
second extraction stage 8 to extract soluble coffee sol- 
ids from the partially extracted roast and ground coffee 
in the second extraction stage 2. The temperature of the 
hot water 34 is conveniently in the range of about 1 60°C 
to about 190"C such that moderate hydrolysis of coffee 
solids takes place in the second extraction stage 8. The 
hot water and soluble coffee solids extracted in the sec- 
ond extraction stage 8 leaves as the secondary coffee 
extract 24. 

The partially extracted coffee grounds 10 leaving 
the second extraction stage 8 are transferred to a sepa- 
rate hydrolysis stage 1 2 and treated as described above 
with reference to Figure 1 . The hydrolysed grounds are 
then transferred to the third extraction stage. Hot water 
28, at a temperature of about 170°C to about 195°C, is 
introduced into the third extraction stage 18 to extract 
any remaining soluble coffee solids from the hydrolysed 
coffee grounds. The temperature of the hot water is 
such that moderate hydrolysis of coffee solids takes 
place in the third extraction stage 18. The hot water and 
soluble coffee solids extracted in the third extraction 
stage 18 leaves as the tertiary coffee output 36. 

The extracted coffee grounds 20 leaving the third 
extraction stage also have about 45 to about 70% by 
weight, based on dry roast and ground coffee, of soluble 
coffee solids extracted from them. The tertiary coffee 
output 36 and the output coffee extract 22 may be sep- 
arately processed as described in US patent 5,242,700 
(Schlecht). Alternatively, the tertiary coffee output 36 
may be combined with the output coffee extract 22 and 
then subjected to further processing to convert it into a 
concentrated coffee extract. 

A yet further embodiment is illustrated in figure 4. In 
Figure 4, the same reference numerals as used in Fig- 
ures 1 to 3, are used for the same items. In this embod- 
iment, fresh roast and ground coffee 4 is introduced into 
a first extraction stage 2. Hot water 30, at a temperature 
of about 80°C to about 1 60°C, is introduced into the first 
extraction stage 2 to extract soluble coffee solids from 
the roast and ground coffee in the first extraction stage 
2. The temperature of the hot water 30 is such that sub- 
stantially no hydrolysis of coffee solids takes place in 
the first extraction stage 2. The coffee extract produced 
in the first extraction stage 2 leaves as an output coffee 
extract 22. 

The partially extracted coffee grounds 6 leaving the 
first extraction stage 4 are transferred to a second 
extraction stage 8. Hot water 34 is introduced into the 
second extraction stage 8 to extract soluble coffee sol- 



ids from the partially extracted roast and ground coffee 
in the second extraction stage 2. The temperature of the 
hot water 34 is conveniently in the range of about 1 60°C 
to about 190°C such that moderate hydrolysis of coffee 
5 solids takes place in the second extraction stage 8. The 
hot water and soluble coffee solids extracted in the sec- 
ond extraction stage 8 leaves as the secondary coffee 
output 32. 

The partially extracted coffee grounds 10 leaving 

10 the second extraction stage 8 are transferred to a sepa- 
rate hydrolysis stage 1 2 and treated as described above 
with reference to Figure 1 . The hydrolysed grounds are 
then transferred to the third extraction stage. Hot water 
28. at a temperature of about 1 70°C to about 195°C, is 

15 introduced into the third extraction stage 18 to extract 
any remaining soluble coffee solids from the hydrolysed 
coffee grounds. The temperature of the hot water is 
such that moderate hydrolysis of coffee solids takes 
place in the third extraction stage 18. The hot water and 

20 soluble coffee solids extracted in the third extraction 
stage 18 leaves as the tertiary coffee output 36. 

The extracted coffee grounds 20 leaving the third 
extraction stage also have about 45 to about 70% by 
weight, based on dry roast and ground coffee, of soluble 

25 coffee solids extracted from them. The secondary cof- 
fee output 32, the tertiary coffee output 36 and the out- 
put coffee extract 22 may be separately processed as 
described in US patent 5,242,700 or may be combined 
in various options and then subjected to further 

30 processing. 

It is found that little or no insolubles or tars are 
formed during the process which would otherwise be 
causing fouling problems during the further processing 
steps. Also, little or no hygroscopic fractions which are 

35 difficult to dry and complicate spray- or freeze-drying 
are present. 

In all cases, the soluble coffee product which is ulti- 
mately obtained contains less than 1% by weight of fur- 
fural derivatives, less than about 4% by weight of 

40 monosaccharides, less than about 1 2% by weight of oli- 
gosaccharides, and at least about 18% by weight of 
polysaccharides. The total amount of saccharides 
present is at least about 30% by weight. All percentages 
are based upon the dry weight of the soluble coffee 

45 product. Further the weighted average molecular weight 
of the saccharides is greater than about 2000 units with 
a polydispersity of about 3 or above. Such a soluble cof- 
fee product has an good coffee aroma and flavour pro- 
file. Also there are sufficient low amounts of small 

so saccharides and high amounts of larger saccharides to 
result in a powder stable upon storage even under trop- 
ical conditions. 

Example 1 

55 

An extraction system made up of 7 fixed bed reac- 
tors is used. The reactors are connected in series such 
that roast and ground coffee entering the system begins 
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at the first reactor (reactor 1) and progresses to the last 
reactor (reactor7). Reactors 1 and 2 form a first extrac- 
tion stage, reactors 3 and 4 form a second extraction 
stage, reactor 5 forms a hydrolysis stage, and reactors 
6 and 7 form a third extraction stage. The reactors are 
also connected such that extraction liquid enters the 
extraction system at reactor 7 and flows through reac- 
tors 6, 4, 3, 2 and 1 in that order to leave the system at 
reactor 1. The extraction liquid does not flow through 
reactor 5. 

Lightly roasted Robusta beans are ground and fed 
into reactor 1. Hot water at a temperature of 180°C is 
fed into reactor 7. The mass ratio of coffee extract leav- 
ing reactor 1 to ground coffee in reactor 1 is about 5:1. 
The extraction liquid leaving reactor 6 and entering 
reactor 4 is at a temperature of about 170°C. The 
extraction liquid leaving reactor 3 is flashed to remove 
off flavours and is introduced into reactor 2 at a temper- 
ature of about 130°C. 

Net extraction yield of the grounds after reactor 4 is 
about 40% by weight of initial dry roast and ground cof- 
fee. The partially extracted grounds in reactor 5 are first 
drained and then steam is introduced into the reactor to 
raise the temperature to about 198°C for about 6 min- 
utes. The hydrolysis is terminated by rapidly reducing 
the pressure below 800 kPa to lower the temperature to 
below 170°C. Extraction yield in reactors 6 and 7 is 
about 19% by weight, taking the total extraction yield to 
about 59% by weight of initial dry roast and ground cof- 
fee. 

The coffee extract leaving reactor 1 is subjected to 
steam stripping, evaporation, and drying to produce sol- 
uble coffee powder in a conventional manner. The evap- 
orated extract is freeze-dried or spray-dried. No 
problems arise during processing which would indicate 
that no tars formed during extraction and hydrolysis. 

The soluble coffee powder is analysed for saccha- 
ride content and is made up of about 32% saccharides. 
The saccharides are made up of about 0.5% furfural 
derivative, about 3.5% monosaccharides, about 10% 
oligosaccharides; and 21% polysaccharides. All per- 
centages are by weight on a dry basis of soluble coffee 
powder. The weight average molecular weight of the 
saccharides is 2500 units with a polydispersity of about 
4.3. 

A teaspoon of the soluble coffee powder is dis- 
solved in 150 ml of simmering water. A panel of tasters 
taste the beverage and determine it to have a good cof- 
fee flavour with a smooth, acid and juicy taste. An atten- 
uation of the harshness is also perceived. 

The molecular weight distributions for a conven- 
tional soluble coffee powder produced by a conventional 
extraction process, which involves little or no hydrolysis, 
and the soluble coffee powder of this example, are illus- 
trated in Figure 5. The distributions compare very well; 
particularly at molecular weights above about 2000. 
Usually, soluble coffee powders produced from coffee 
extracts having hydrolysed coffee solids have a sharp 



peak at lower molecular weights but contain much less 
saccharide at molecular weights of above about 3000. 

Example 2 

5 

The process of example 1 is repeated except darkly 
roasted Milds are ground and fed into reactor 1 . Also, in 
reactor 5, the grounds are heated to 192°C for about 2 
minutes. 

w Net extraction yield on the grounds after reactor 4 is 
about 30.5% by weight on dry R&G coffee. Extraction 
yield over reactors 5 to 7 is about 20% by weight, taking 
the total extraction yield to about 50.5% by weight of dry 
roast and ground coffee. 

is The soluble coffee powder is analysed for saccha- 
ride content and is made up of about 34% saccharides. 
The saccharides are made up of about 0.4% furfural 
derivative, about 2% monosaccharides, about 7.5% oli- 
gosaccharides; and 24% polysaccharides. All percent- 

20 ages are by weight on a dry basis of soluble coffee 
powder. The weight average molecular weight of the 
saccharides is 2400 units with a polydispersity of about 
3.8. 

A teaspoon of the soluble coffee powder is dis- 
ss solved in 1 50 ml of simmering water. A panel of tasters 
taste the beverage and determine it to have a good cof- 
fee flavour with a smooth, acid and juicy taste. An atten- 
uation of the harshness is also perceived. 

30 Example 3 

The extraction system of example 1 is used except 
that the reactors are connected such that extraction liq- 
uid enters the extraction system at reactor 7 and flows 
35 through reactors 6, 4, 3 in that order and leaves the sys- 
tem after reactor 3. Fresh extraction liquid is introduced 
into reactor 2 and leaves the system at reactor 1 . There- 
fore the extraction system has two inputs of extraction 
liquid. 

40 A darkly roasted mixture made up of 80% Milds and 
20% Robusta beans are ground and fed into reactor 1 . 
Hot water at a temperature of 140°C is fed into reactor 
2. The mass ratio of extract leaving reactor 1 to ground 
coffee is about 4.5:1 . Net extraction yield over extraction 
45 stage 1 is about 29% by weight on a dry basis. 

Hot water at 180°C is fed into reactor 7. The mass 
ratio of coffee extract leaving reactor 3 to ground coffee 
in reactor 1 is about 5:1. The extraction liquid leaving 
reactor 6 and entering reactor 4 is at a temperature of 
so about 170°C. The extraction liquid leaving reactor 3 is 
flashed to remove off flavours. 

The partially extracted grounds in reactor 5 are first 
drained and then steam is introduced into the reactor to 
raise the temperature to about 195°C for about 4 min- 
es utes. The hydrolysis is terminated by rapidly reducing 
the pressure below 800 kPa to lower the temperature to 
below 170°C. Extraction yield for reactors 3 to 7 is about 
21% by weight taking the total extraction yield to about 
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50% by weight of dry roast and ground coffee. 

The coffee extracts leaving reactor 1 and reactor 3 
are separately processed to soluble coffee powder as 
described in US patent 5,242,700 (Schlecht). No prob- 
lems arise during processing which would indicate that s 
no tars formed during extraction and hydrolysis. 

The soluble coffee powder is analysed for saccha- 
ride content and is about the same as that of example 1 . 
Total carbohydrate content is 35% with 0.6% of furfural 
derivatives, 3.5% of monosaccharides, 7% of oligosac- w 
charides and 25% of polysaccharides. A teaspoon of 
the soluble coffee powder is dissolved in 150 ml of sim- 
mering water. A panel of tasters taste the beverage and 
determine it to have a good flavour with a smooth, acid 
and juicy taste. An attenuation of the harshness is also is 
perceived. 

Example 4 

The extraction system of example 1 is used except 20 
that 10 reactors are used. The reactors are connected 
such that a first input of extraction liquid enters the 
extraction system at reactor 10 and flows through reac- 
tors 10 and 9 and leaves the system alter reactor 9, 
while a second input of extraction liquid enters the zs 
extraction system at reactor 7 and flows through reac- 
tors 7, 6, 4, 3, 2 and 1 and leaves the system alter reac- 
tor 1 . Therefore the extraction system has two inputs of 
extraction liquid. 

A medium roasted mixture made up of 80% Milds 30 
and 20% Robusta beans are ground and fed into reactor 
1 . The extraction in reactors 1 to 7 is carried out as 
described in example 1 . The partially extracted grounds 
in reactor 5 are drained and then hydrolysed at 195°C 
using saturated steam for 4 minutes. Hydrolysis is 35 
quenched by rapidly reducing the pressure below 800 
kPa to lower the temperature below 170°C. Net extrac- 
tion yield over reactors 1 to 7 is about 52% by weight of 
initial dry roast and ground coffee. 

The partially extracted grounds in reactor 8 are first 40 
drained and processed as described in example 1 using 
saturated steam at a temperature of 198°C for about 6 
minutes. Hot water at 180°C is fed into reactor 10 and 
the hydrolysed grounds in reactors 10 and 9 are 
extracted. The mass ratio of coffee extract leaving reac- 45 
tor 9 to ground coffee in reactor 1 is about 4:1. Net 
extraction yield over reactors 8 to 10 is about 5% by 
weight on dry roast and ground coffee, taking the total 
extraction yield to about 57% of initial dry roast and 
ground coffee. so 

The two extracts obtained from the system are 
mixed and processed together to soluble coffee powder 
without problem, indicating little or no tar formation. 
Beverages produced from the soluble coffee powder 
have no off-flavours. 55 

The soluble coffee powder is analysed for saccha- 
ride content and is made up of about 39% saccharides. 
The saccharides are made up of about 0.2% of furfural 



derivatives, about 4% of monosaccharides, about 6% of 
oligosaccharides; and 29% of polysaccharides. All per- 
centages are given by weight on a dry basis of soluble 
coffee powder. The weight average molecular weight of 
the saccharides is 5000 units with a polydispersity of 
about 4.3. 

A teaspoon of the soluble coffee powder is dis- 
solved in 150 ml of simmering water. A panel of tasters 
taste the beverage and determine it to have a good cof- 
fee flavour with no processy notes, and a smooth, acid 
and juicy taste. An attenuation of the harshness is also 
perceived. 

Claims 

1 . A process for the counter-current extraction of solu- 
ble coffee solids from coffee grounds, the process 
comprising: 

extracting soluble coffee solids from fresh cof- 
fee grounds in a first extraction stage using a 
primary extraction liquid at a temperature of 
about 80°C to about 160°C to provide a pri- 
mary coffee extract and partially extracted 
grounds; 

extracting soluble coffee solids from the par- 
tially extracted grounds in a second extraction 
stage using a secondary extraction liquid at a 
temperature of about 160°C to about 190°C to 
provide a secondary coffee extract and coffee 
grounds, the coffee grounds having at least 
about 25% by weight of soluble coffee solids 
extracted from them based on the weight of dry 
roast and ground coffee, the secondary coffee 
extract being collected or being used as the pri- 
mary extraction liquid; 

draining the coffee grounds obtained from the 
second extraction stage and thermally hydro- 
lysing them in a hydrolysis stage at a tempera- 
ture of about 160°C to about 220°C for about 1 
to about 15 minutes to provide hydrolysed cof- 
fee grounds; and 

extracting soluble coffee solids from the hydro- 
lysed coffee grounds in a third extraction stage 
using a tertiary extraction liquid at a tempera- 
ture of about 170°C to about 195°C to provide 
extracted coffee grounds and a hydrolysed cof- 
fee extract, the hydrolysed coffee extract being 
collected or being used as the primary or sec- 
ondary extraction liquid. 

2. A process according to claim 1 in which the primary 
extraction liquid enters the first extraction stage at a 
temperature in the range of about 110°C to about 
140°C. 

3. A process according to claim 1 or claim 2 in which 
the secondary extraction liquid enters the second 
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extraction stage at a temperature in the range of 
about 165°C to about 180°C. 

A process of any of claims 1 to 3 in which the terti- 
ary extraction liquid enters the third extraction stage 
at a temperature in the range of about 175°C to 
about 190°C. 



weight of polysaccharides, the saccharides having 
a weighted average molecular weight of greater 
than about 2000 units with a polydispersity above 
about 3. 



5. A process according to any of claims 1 to 4 in 
which, in the hydrolysis stage, the coffee grounds 10 
are thermally hydrolysed at a temperature of about 
190°Ctoabout210°C. 

6. A process according to any of claims 1 to 5 in which 
the coffee grounds are drained by forcing steam 75 
downwardly through them and are thermally hydro- 
lysed by heating using steam. 

7. A process according to any one of claims 1 to 7 in 
which the hydrolysed coffee extract leaving the first 20 
extraction stage contains less than about 1% by 
weight furfural derivatives, about 1% to about 6% 

by weight monosaccharides and more than about 
28% by weight of oligosaccharides and polysac- 
charides; all percentages being based upon the dry 25 
matter of the hydrolysed coffee extract. 

8. A process according to claim 7 in which the 
weighted average molecular weight of all saccha- 
rides in the hydrolysed coffee extract is higher than 30 
about 1500 units with a polydispersity of about 2.5 

or higher. 

9. A process according to any of claims 1 to 8 further 
comprising: 35 

draining the coffee grounds obtained from the 
third extraction stage and thermally hydrolysing 
them in a second hydrolysis stage at a temper- 
ature of about 160°C to about 220"C for about 40 
1 to about 15 minutes to provide secondary 
hydrolysed coffee grounds; and 
extracting soluble coffee solids from the sec- 
ondary hydrolysed coffee grounds in a fourth 
extraction stage using a fourth extraction liquid 45 
at a temperature of about 170°C to about 
195°C to provide extracted coffee grounds and 
a hydrolysed coffee extract, the hydrolysed cof- 
fee extract being collected or being used as the 
primary, secondary, or tertiary extraction liquid, so 



10. A soluble coffee product which contains hydrolysed 
soluble coffee solids, the soluble coffee product 
containing at least about 30% by weight of saccha- 
rides comprising less than about 1% by weight of 
furfural derivatives, less than about 4% by weight of 
monosaccharides, less than about 10% by weight 
of oligosaccharides, and at least about 19% by 
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FIG 5 

— Conventional Product — Product of Example 1 

30 . . , , , ,,,,, ,__ 




1000000 



Molecular weight 



12 



EP 0 826 308 A1 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 






Citation of document with indication, where appropriate, 
of relevant passages 




CLASSIFICATION OF THE 
APPLICATION (lot.CI.6) 


X 


EP-A-0 554 008 (KRAFT GENERAL FOODS) 
* page 5, line 20 - page 8, line 51; 
examples 1,2 * 


10 


A23F5/26 
A23F5/36 


A,D 


US-A-4 158 067 (H. WOUDA) 
* claims 1-6 * 


1,6 




A,D 


EP-A-0 363 529 (GENERAL FOODS) 
* claims 1-23 * 


1,10 




A 


EP-A-0 489 401 (J. SUCHARO) 
* page 7 - page 8; claim 1 * 


1-4 




A 


US-A-4 798 730 (E. SCOVILLE) 

* column 3, line 4 - line 34; claims 1-10; 

example 2 * 


1,10 




A 


GB-A-2 005 126 (D.E.J. INTERNATIONAL 
RESEARCH CO) 

* column 3, line 104 - line 120; claim 1; 
figure 1 * 


1,6,10 








TECHNICAL FIELDS 
SEARCHED (htCl.6) 


A 


US-A-2 282 138 (J. KELL0G) 
* figure; example * 


1 


A23F 


A 


US-A-2 410 157 (W. FREDRICKS0N) 
* column 4 - column 6; example 1 * 


1 




The present search report has been drawn up for ail claims 







21 January 1997 



CATEGORY OF CITED DOCUMENTS 
X : particularly rel 



deriving the Invention 
mt, but published on, or 



13 



